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Abstract 

A study was conducted to determine if resistance to the 
stresses of winter had been a correlated response to 
selection for productivity in beef cows raised under range 
conditions, and to see if it was related to productivity 
under current range conditions. 

Range cows of four major breeding groups from The 
University of Alberta Beef Breeding Ranch were used, ranging 
in age from two to sixteen years. The breeding groups varied 
in the length of time they had been raised under range 
conditions, from the traditionally used Hereford to the 
dairy-beef type which has only been introduced in the last 
few years. 

Records of body height, weight throughout the year and 
weight change patterns were kept on 521 cows bred to calve 
in the spring of 1982. Hair coat insulation was estimated by 
a visual score, an average coat depth measurement of three 
locations, measurements of guard hair and undercoat length, 
and weight of hair for a fixed area of skin. Skin fold 
thickness was also measured. Midwinter condition estimates 
included a visual score and a backfat thickness measurement 
over the ribeye between the 12th and 13th rib. October to 
postcalving weight loss and calf crop were used to evaluate 
cow performance. Calving date, sex of calf and calf 
performance to weaning were also recorded. 

Least squares analyses of variance and covariance for 


unequal subclass numbers were used to identify breed and age 
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differences in the traits measured. The breed types that had 
been selected longest under range conditions were smaller, 
had more condition, and were more heavily insulated 
midwinter than the breed types just recently introduced to 
range production. 

Least squares multiple regression was used to 
determined the relationships of the adaptability related 
traits to cow and calf performance. Insulation, midwinter 
condition and winter weight loss were not found to be 
important sources of variation in cow or calf performance. 
Insulation also did not influence midwinter condition or 
winter weight loss. 

Generally there were breeding group differences in 
adaptability related traits, indicating that adaptability to 
range conditions may have been important enough to cause a 
correlated response to selection under these conditions in 
the past, but under present conditions winter hardiness was 


NOusimpOLeant tO cow! or calf performance. 
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I. GENERAL INTRODUCTION 

In Alberta, pregnant beef cows maintained over the 
relatively long cold season are usually fed minimally, with 
Or more often without supplementation for the requirements 
of extreme cold and pregnancy. Consequently, winter is 
usually associated with weight loss, or at least condition 
loss, in beef cows. However, there is a great deal of 
Variation in weight loss and subsequent performance among 
individuals and breed types of animals. Calving performance, 
milk yield, summer weight gain, rebreeding performance and 
weaning weight of calf also vary. The relationships between 
these traits and winter hardiness are not clear. In 
addition, presumably the response to winter stress in one 
year can have carry over effects in the subsequent year. 

Winter adaptability of the beef cow can be defined as 
the ability to withstand a harsh winter under a minimal 
nutritional regime and to perform satisfactorily thereafter. 
Satisfactory performance includes calving unassisted early 
in spring and raising the calf to as high a weaning weight 
as is economically possible on pasture, while at the same 
time regaining any weight lost over winter and becoming 
pregnant early in the breeding season. Breaking it down 
further, it would be expected that winter adaptability would 
involve the size of the animal, its condition or energy 
reserve status, and its insulation. Economic emphasis is 
frequently put on adaptive traits, yet a large scale study 


on the relative importance of these factors to beef cow 
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productivity has not been done thus far. The objectives of 
this study were to examine size, condition, weight change 
patterns and insulation of a large population of beef cows 
selected for productivity under range conditions, and to 


assess how, if at all, these factors relate to Productivity. 
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II. REVIEW OF LITERATURE 


A. Cow Size, Weight and Condition 


1. Introduction 

Cow size and condition are factors influencing cow 
adaptability since they will influence feed requirements and 
productivity. Cow bodyweight is most frequently used as the 
only estimate of cow size and/or condition, even though it 
has obvious limitations in this respect. A tall, thin cow 
may weigh the same as a short, overweight cow even though 
they are very different in size and condition. This is 
probably why there is so much variation in results obtained 
when trying to relate cow body weight to performance traits. 
Jeffery and Berg (1972a) found a simple correlation between 
post-calving weight of cow and the pre-weaning gain of the 
Can feo fj+0e29e—- +0°38>in central Alberta range conditions, 
however this was confounded with cow age and milk yield. A 
review by Morris and Wilton (1976) indicated a significant 
positive correlation of 0.25 between cow weight throughout 
the year and birthweight of her calf, with slightly higher 
correlations for cow weight and pre- or post-weaning gains 
OfitcabiseAl though these correlations are generally 
significant, they are low and other workers have found no 
correlation between cow weight and preweaning traits of the 


calf «(Singh et a]. 1970, Urick et a]. 1971). In 1969, Godley 
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and Tennant found a significant positive correlation between 
cow weight and calf weaning weight in Angus animals but not 
in Herefords. Conversely, the same workers (Godley et al. 
1970) found a significant positive relationship between cow 
weight at breeding and weight per day of age of her calf in 
the Hereford but not in the Angus breed. 

In contrast, condition score at breeding had a 
Significant positive correlation with weight per day of age 
of both Hereford and Angus calves in their study. (Appendix 
I presents an example of a condition scoring procedure. ) 
Thus perhaps the inconsistency of the relationship between 
cow bodyweight and calf performance is a reflection of the 
relationship between cow bodyweight and cow condition - as 
mentioned, this may be positive but is not necessarily so. 
Jeffery and Berg (1972b) suggested that if body weight was 
to be used aS a criterion for comparing the efficiency of 
different body sizes, then the population should be uniform 
in condition or mathematically adjusted to a common base. 
Similarily, Klosterman et a/. (1968) suggested that 
maintenance requirements calculated on the basis of body 
weight should be adjusted for condition by the use of a 
weight to height ratio, since they found significant high 
positive correlations between weight to height ratio, 
subjective condition score and subcutaneous backfat 
thickness (determined ultrasonically). Their recommendation 
that four kg per cm was an average weight to height ratio 


for a mature cow was repeated by Jeffery (1971) on the basis 
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of his results with 173 cows of varied breeding. The use of 


a weight to height ratio is generally more desirable than 


that of a condition score, which is totally subjective and 


varies from observer to observer, or of backfat thickness, 


which is far too expensive and impractical at the farm 


level. A possible problem with this ratio is that it does 


not take length into account. 


Cow size in terms of frame structure obviously will 


influence maintenance requirements and thus 


Input tGests: 


However, the heritability of frame size is high and 


correlated with post-weaning average daily gain (Cartwright 


1979), so calves of large cows will be larger and should 


gain more rapidly than those of small cows to compensate for 


added costs. With the introduction of the larger European 


breeds to America in the sixties, much research was carried 


out in an attempt to determine the relative 


efficiencies of 


different sizes. Most indications were that when all costs 


are considered, the biological efficiency of different sizes 


was Similar (Review by Morris and Wilton 1976, Smith 1979). 


2. Changes in Bodyweight and Condition 
Although bodyweight appears to have an 
relationship with cow condition, changes in 
a high positive correlation with changes in 
(Klosterman et a]. 1968, Kropp et a/. 1973, 


1980). There are few reports concerning the 


inconsistent 
body weight have 
condition 

Brown et al. 


actual patterns 


{Liw yleuotvdo aaa , 
.2209 stqqi eyez Bae ech : | 
bes dpid ai sste yy tee eataaa siz 
dipiyws369) nise yf bab ‘ggetevs" eniasew-J20q asi 
Sliode- bas tepisei sd {fiw awa spied do 2eviso OF 4 
102 sieansgnoo of evOo, aetaes to" seodd neds yldeget 
assqo wa tepist att 36 noissuboxsdi-sds /Ag lw -edeeo: & 
beiiies eav doiesesy doum ,esisete sf ni svttems of gh 
io esionerclids evitsios sit -saimsagse ot iqmesis. as 
aseoo ifs asde ted anh enpiteorbni: deem. gpesia. 2 
aesie snsisiiib io yoreiniias Lanipoloi ads ‘savebiones. eae 
(QTSE dvime ,30eL adglrw' bis. dite ad wedvet) seiimle aew 


inesetencont ae sveil ov. evseqqs tipiewybod dquodetinny | 
ovad idpisw yood ai a4pnads ,woividno woo divin cian 
— et lbMOD- tf zegnsdo fitiw notsalet02. ovisivog dokdia: 
ie ea AO88t 1G Ts agent 6824 <1 39 nenseseota) 
| antetseg: Lausse sd? oninvesnos efz0qe7 ve? sis e10edT — 


Pore ee ; rl a 


of change in condition over the year in temperate regions, 
though the recent report by Brown and coworkers (1980) 
concludes what would be expected naturally - cows tend to be 
lowest in bodyweight and condition after calving in early 
spring prior to pasture improvement, and highest after 
weaning in the fall. In central Alberta, a similar pattern 
would be expected with the high fall bodyweight being more 
or less maintained up until calving. However the condition 
of the cow would be decreasing and the weight of the fetus 
and associated fluids would be increasing throughout this 
period (Degen and Young 1980). In other words, although 
bodyweight may not change over winter during pregnancy, 
condition might. Note that a weight to height ratio would 
not be a good indicator of condition in this case, and also 
that condition would not be well correlated with changes in 
body weight. Since this is only conjecture, more work is 
needed in this area and one of the objectives of this 
project is to clarify the effects of winter, pregnancy and 
condition on the productivity of beef cows. 

Changes in bodyweight and condition in relation to 
lactation and suckling are better documented. In dairy cows, 
increases in body weight are negatively correlated with milk 
yield (Hooven et al]. 1968, Review by Morris and Wilton 
1976). Similarily, increases in body weight of beef cows 
during lactation may be negatively correlated with calf 
performance, although this tends to be a low correlation 


(Vaccaro and Dillard 1966, Singh et a]. 1970, Review by 
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Morris and Wilton 1976). Godley and Tennant (1969) found 
that cow weight change during suckling did not affect calf 
weaning weight, but an increase in cow condition negatively 
affected weight of calf per day of age. Butson (1981) found 
that cow weight change during lactation was not important in 
determining calf weaning weight. The differences in these 
reports is probably due to variation in the genetic 
potential of the dams for milk production and their 
nutrition. For example, Brown et a]. (1980) observed in cows 
on a relatively low plane of nutrition that those that gave 
less milk regained weight more rapidly and became fatter as 
the grazing season progressed, again illustrating a negative 
correlation between weaning weight and increasing cow 
condition throughout the suckling period. However, on a high 
plane of nutrition, Holloway et a]. (1979) observed that 
cows giving similar amounts of milk still varied in weight 
gain and subcutaneous fat, and that there was no correlation 
between calf performance and weight or condition changes. In 
general, it would be expected that there would be a negative 
but low correlation between condition and weight increases 
of dam over lactation and calf performance to weaning if 
nutrients for milk yield are limiting, but otherwise not. In 
any case, the correlations are low, and are much less 
important in determining calf performance to weaning than 
the dam's milk yield (Butson 1981). 

Calf post-weaning performance is not affected by cow 


weight changes or condition (Vaccaro and Dillard 1966, 
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Jeffery and Berg 1972a). Cow weight does not appear to 
affect the number of calves produced per year or the number 
of productive years in the herd (Singh et al]. 1970), 
although no reports relate cow condition to the number of 
productive years in the herd. Neither weight change during 
pregnancy nor condition affects the number of services per 
conception, however peripartum condition can affect calving 
interval in terms of time to estrus postpartum (Whitman et 


akhrtyv1975rebowmanret va] 211979): 


B. Effects of Winter on Beef Production Efficiency 


1. Introduction 

Since the temperature in central Alberta is below 
freezing for most of the winter, it would be expected that 
beef cows wintering under these conditions will be different 
in terms of nutritional requirements, weight and condition 
change patterns, metabolic efficiency and perhaps even 
optimum size, hair coat, color, etc. than those raised in 
more moderate climates. The beef cow is a homeotherm, and 
thus has to maintain her internal body temperature constant 
regardless of environmental temperature. She does this by 
maintaining a balance between heat exchanged with the 
environment through the normal processes of conduction, 
convection, radiation and evaporation, and heat produced in 


normal metabolic processes. The environmental range in which 
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this balance is maintained without altering the metabolic 
rate is defined as the "thermoneutral zone". As the 
temperature drops, the animal will be losing more heat as 
the temperature gradient increases between it and the 
environment, and eventually it will have to increase heat 
production or body temperature will drop. Heat production 
can be classified into two categories; shivering and 
non-shivering thermogenesis. Shivering heat production is 
very energy demanding since the involuntary muscle 
contractions cause movement, increasing convective heat 
loss, and produce heat superficially - away from the body 
core where heat is required and close to the skin surface 
increaSing the surface heat loss. Non-shivering heat 
production (NST) is defined here as a general term referring 
to all heat produced except that produced by shivering. 
Although there has been some controversy in the past 
over the importance of thermoregulatory NST in larger 
mammals (Scholander 1950a,b, Heldmaier 1970, Donhoffer 
1970), it is fairly well established that farm animals can 
increase heat production over and above what can be 
accounted for by increased feed intake (Young 1975). 
Non-shivering heat production involves skeletal muscle, 
internal organs, brown adipose tissue in animals which have 
it (mature cattle do not appear to) and probably also the 
brain (Donhoffer 1970). AS mentioned, heat production is 
influenced by ambient temperature. The temperature at which 


additional heat production becomes necessary is defined as 
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the lower critical temperature (TC) and is the lower 
boundary of the thermoneutral zone. The amount of heat 
produced below TC is influenced by many interacting factors, 
and an alteration in one is likely to produce compensatory 
changes in others. These factors include the catecholamines, 
thyroid hormones, cortical hormones, feed plus other 
unexplained factors (Seller et a]. 1970). The catecholamines 
have been implicated as being very important regulators of 
NST in small mammals (Sellers et a]. 1970), and have 
recently been shown to be associated with the heat increment 
of feeding in cattle and sheep (Christopherson et a]. 1982). 

Heat production over that produced at the resting 
metabolic rate requires an additional input of energy, 
either directly as an increased feed requirement or 
indirectly as weight loss to the animal. Thus, it is 
expected that the lower the TC is, the lower the additional 
energy cost over winter. TC depends upon the specific 
housing conditions of the animal, breed type, nutrition, the 
length of time since feeding, behaviour and the thermal 
adaptation status (Young 1979). Thermal adaptation status 
refers to the degree of acclimation or acclimatization of 
the animal. Acclimation is usually associated with animals 
kept under lab conditions where only one factor has been 
altered, in this discussion, it would be temperature. The 
term refers to the physical, behavioural and metabolic 
changes resulting from continued exposure to that 


temperature. Acclimatization refers to those changes that 
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occur in the animal under more natural conditions*=ing tn s 
case, temperature fluctuates, amount and type of 
precipitation changes, photoperiod varies, etc. as winter 
approaches. The state of acclimation or acclimatization to a 
cold climate has been described by Slee (1971) as involving 
an increased BMR, an increased metabolic capability to 
respond to cold, a greater reliance on NST, elevated skin 
temperature, increased resistance to cooling and increased 
Survival at low temperatures. In other words, the animal has 
a lower TC and a better ability to respond to extremely cold 
weather than a non-acclimated or non-acclimatized animal. 
The cost associated with this process is the increased BMR, 
which means an increased energy requirement. Fortunately, it 
appears that animals acclimatized under Alberta conditions 
tend to minimize the energy cost of cold exposure when 
compared to animals acclimated to similar cold temperatures 
in the lab. In experiments with sheep (Webster 1970), 
acclimatized animals consumed 12% less feed, had a less 
rapid increase in BMR, a smaller metabolic response to 
severe cold but equally good resistance to body cooling as 
acclimated animals. Generally, for wintering beef cows in 
Canada, it can be expected that feed requirements will 
increase somewhere between 30 and 70% (Young 1979). This is 
a large range, and work is needed to determine how animals 


can be raised in the lower end of this spectrum. 
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2. Cow Winter Weight Loss 

Little data is available in the area of the effects of 
cow weight loss during pregnancy on calf performance and the 
evidence that exists is conflicting. Vaccaro and Dillard 
(1966) reported that there was some influence of cow weight 
change during the last 90 days prepartum on preweaning 
performance but that this influence disappears by weaning. 
Morris and Wilton (1976) cite Brinks et a]. as reporting a 
low positive correlation between cow pre-calving gain and 
calf pre-weaning gain and weaning weight. However Russel et 
al. (1979) found that the pre-calving gain of the cows was 
related only to birthweight and that subsequent calf 
performance was not affected. Results with range cattle in 
central Alberta (Butson et a]. 1980, Butson 1981) indicate a 
positive correlation of approximately 0.4 between cow winter 
weight loss and calf birthweight, and between weight loss 
and weaning weight of approximately 0.2. The correlation 
with pre-weaning gain is lower still. Also in Alberta, 
Hironaka and Peters (1969) found that cows on a low plane of 
nutrition over winter lost more weight and their calves had 
lower preweaning gains than those on a medium or high plane 
of nutrition, although birthweight was not affected. It is 
probable that nutrition is an important variable among these 
FEDpOLrtes. 

Ttbistiatriyeconsistenttin thembiteraturepthatathe 
cow's pre-calving gain or loss will affect her subsequent 


regaining performance during suckling. Butson et a/. (1980) 
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reported a positive correlation in the order of 0.6 between 
winter weight loss and cow gain from calving to weaning. 
Russel et a]. (1979) found similar results in that cows that 
gained the least weight prepartum gained the most 
postpartum. It appears that cows will approach the same 
condition when nutrition permits. In practical terms, this 
means that cows pregnant during the relatively harsh Alberta 
winters on restricted feed, can lose weight, maintain calf 
performance once spring arrives, and regain this lost weight 
over the summer when nutrition is better. However, 
presumably there is a limit to this relationship, and it is 
necessary to find it in order to determine how much weight 
cows Should be allowed to lose to minimize input costs 


without jeopardizing productilvaty- 


3. Cow Size in a Cold Environment 

The 57th Annual Feeders Day Report of the University of 
Alberta (Bolduc et a]. 1978) reported that larger cows were 
more efficient since they produced larger calves in an 
experiment where cows of all sizes required the same amount 
of feed per day. In other words, larger cows produced more 
kilograms of calf weaning weight per kilogram of feed 
consumed than small cows. There are two possible reasons for 
this, if it is assumed that the animals were spending a 
relatively high proportion of the time below their lower 


critical temperature. Below TC, animals must consume extra 
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energy to increase heat production to maintain body 
temperature, and the amount of extra energy required depends 
on how far below the critical temperature the animals are. 
Larger animals would spend less time below their critical 
temperature (it will be lower because their surface area to 
bodyweight ratio will be lower - surface area is generally 
proportional to weight to the two-thirds power). In 
addition, the larger cow would be directing more energy 
towards the deposition of fetal tissue since she will have a 
larger calf at birth. The efficiency of fetal deposition is 
only about 10%, thus appoximately 90% of the metabolizable 
energy directed towards fetal deposition will be released as 
heat. (Moe and Tyrell 1972). Thus the larger animal has a 
relatively larger heat load due to pregnancy than the small 
one, which can be used to maintain her body temperature 
during cold stress. The small cow has to consume energy to 
do this, presumably bringing their absolute daily 


metabolizable energy requirements closer together. 


4. Cow Condition in a Cold Environment 

It would be expected that in a thermoneutral 
environment, it would be most efficient to have cows in 
average to thin condition, thus reducing maintenance energy 
requirements of the cow, as long as performance is not 
adversely affected. However during prolonged cold exposure, 


maintenance requirements of animals will increase to 
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compensate for the elevated basal metabolic rate associated 
with cold acclimatization. The increase in metabolic rate is 
related to the degree of cold stress, which in turn depends 
upon the animals lower critical temperature, determined by a 
number of factors including size of the animal and thermal 
insulation. Animals in fat condition will be larger than 
animals in thin condition of the same skeletal size and thus 
relatively less cold stessed. 

Dietz (1971) found that although chronic cold stress 
resulted in greater increases in the energy requirements of 
thin than fat cows, the absolute requirements of thin cows 
of comparable skeletal size to fat cows were less, 
presumably due to the cost of maintaining the larger tissue 
mass of the fat cows. Fat cows fed to the requirements of 
thin cows were not as severely stressed (that is, their 
energy requirements did not increase as much) as thin cows 
at the same level of intake. They appeared to utilize their 
fat stores over the winter to meet their energy 
requirements. 

Thus, to be most efficient, it would be expected that 
cows should be in good (average to slightly fat) condition 
in fall, then fed during winter to the requirements of thin 
cows of the same skeletal size, minimizing both feed 


requirements and cold stress. 
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C. Reducing Heat Loss during Cold Stress 


1. Introduction 

AS previously discussed the animal has two primary 
means of protecting itself from the cold. The first is to 
increase heat production, which is undesirable economically 
because it means higher input costs in terms of energy 
consumed, for the same output of product. The second is to 
increase insulation of the animal, which would increase 
energy efficiency. The relative importance of these 
alternatives is not known with regards to the beef cow, 
however, under the minimal nutritional conditions usually 
afforded beef cows, the latter would be expected to be the 
most important. In addition, it would be expected that 
insulation would play a more important role in cows that are 
considered 'most efficient' in the herd, since presumably 
these animals are uSing as high a proportion as possible of 
their energy intake for production. One of the primary 
objectives of this series of experiments is to see whether 
this is indeed true, that is, whether insulation has been a 
key factor contributing to the higher productivity of some 
animals and breed types of animals over others. In addition, 
it must be remembered that the animal can alter its 
insulation by various behavioural reflexes, such as 
piloerection of the hair coat or simply huddling at a 


Particular angle to the wind. 
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Insulation of an animal is usually divided into tissue 
insulation and external insulation, each of which will be 


discussed in the following sections. 


2. Tissue Insulation 

Tissue insulation is defined as the gradient of 
temperature from the rectum to the skin surface divided by 
the total heat produced per unit area per unit time (Blaxter 
and Wainman 1964). This insulation can be varied within an 
animal by vasomotor control of skin and tissue temperature 
directly under the skin (Scholander et a]. 1950a, Blaxter 
and Wainman 1961). Vasoconstriction of capillaries under the 
skin has the effect of increasing tissue insulation; in 
steers this can amount to three to four mm of skin such that 
tissue insulation accounts for about 25% of the total 
insulation (Blaxter and Wainman 1961). It would be expected 
that skin thickness would be an indicator of tissue 
insulation. However, the importance of skin thickness in 
temperature regulation has not been clearly established for 
wintering beef cattle. Skin is generally a poorer insulator 
than fur (Scholander 1950a, Blaxter and Wainman 1961) and 
contributes relatively little to insulation in arctic 
mammals in comparison to fur (Scholander 1950a). However the 
conclusions of Blaxter and Wainman (1961) that a four mm 
depth of vasoconstricted skin may contribute up to 25% of 


the total insulation in steers make one suspect that it may 
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be important in cattle. Skin samples and skin-fold thickness 
measurements taken from Hereford, Angus and Shorthorn steers 
in a temperate environment indicate seasonal variation and 
breed differences (Tulloh 1961). Dowling (1955b) and Nay and 
Hayman (1963) found that skin and skin-fold thicknesses of 
Bos taurus, Bos indicus and crossbreds between these types 
also showed seasonal variation and breed differences. 
Dowling (1955b), Tulloh (1961) and Hayman and Nay (1963) 
also reported that skin thickness varies with the condition 
of the animals. Fatter cows tended to have a thicker 
papillary layer and thus a thicker total skin thickness and 
skin-fold thickness (Dowling 1955a). He proposed-that this 
was due to-increased deposition in the adipose tissue layers 
and the corium of the skin. For our considerations of tissue 
insulation, this is important since the plexus of blood 
closest to the skin surface is in the corium, and this is 
the plexus that would be constricted during 
vasoconstriction. Thus if there is more fat in this layer, 
there will be a lower proportion of blood vessels, and the 
layer will be a better insulator. Webster et a]. (1970) 
found that tissue insulation does increase with fatness in 
agreement with this theory. 

As for subcutaneous fat, although instinctively it 
would seem to be important to tissue insulation, there has 
been very little work to substantiate this. Scholander et al 
(1950a) reported that subcutaneous fat was a heavy and poor 


insulator compared to fur and does not seem to play a role 
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in the insulation of terrestrial arctic mammmals. It would 
be expected that subcutaneous fat could contribute to tissue 
insulation when the blood vessels to the skin are 
constricted, however the primary contribution would be to 
increase the entire mass of the animal so that less heat 
must be produced per unit surface area, as discussed 


previously. 


3. External Insulation 

External insulation is defined as the gradient of 
temperature from the skin surface to the air divided by the 
sensible heat production (Blaxter and Wainman 1964). It is a 
measure of the sum of the insulation of the coat, the 
convective insulation of the interface of air at the coat 
surface, and the radiative insulation at the coat surface, 
and is markedly affected by coat thickness (Blaxter and 
Wainman 1964). Coat depth can also be related to external 
insulation (Webster 1970). Coat thickness or depth can be 
altered by the animal by piloerection or by climatic factors 
such as wind, rain and snow. The insulative value of the 
coat is also determined by the weight of hair per unit area 
- this in turn is the sum of the number of hairs per unit 
area, the degree of medullation and diameter of the hairs, 
and hair length. Besides affecting external insulation, the 
coat cover can affect tissue insulation. Blaxter and Wainman 


(1964) found that in steers exposed to cold, shearing to 2 
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mm of hair coat decreased tissue insulation. In Summary, the 
coat cover of cattle can be regarded as quite important to 
total insulation. For this reason, it will be discussed in 
considerable detail. 

Cattle.have two;,distinct.hair.coats.-in.one yearjin 
seasonal climates; a summer coat, which is presumably 
adapted for heat dissipation, and a winter coat, designed to 
insulate against the cold (Bonsma 1949, Yeates 1955, Dowling 
1959, Dowling and Nay 1960, Berman and Volcani 1961, Hayman 
and Nay 1961). The winter coat is thicker, with a higher 
weight of hair per unit area (Yeates 1955, Dowling 1959, 
Dowling and Nay 1960, Berman and Volcani 1961 and Hayman and 
Nay 1961). The increase in thickness and weight is thought 
to be due to increased length of the hairs (Yeates 1955, 
Dowling and Nay 1960, Berman and Volcani 1961, Hayman and 
Nay 1961) and not due to an increase in the number of hairs, 
which is determined by the number of follicles at birth and 
the size of the animal (Dowling 1955a, Dowling and Nay 1960, 
Turner, Nay and French 1962). In cattle with shorter coats, 
an undercoat develops in winter of short, thin, curled or 
Semi-curled hairs (Bonsma 1949, Hayman and Nay 1961), which 
does not necessarily appear in animals with long coats 
(Hayman and Nay 1961). Although it was thought the winter 
coat was composed of thinner hairs than the summer coat 
(Bonsma 1949, Dowling 1959, Dowling and Nay 1960), it has 
been found in other studies than hair diameter does not 


necessarily change with season (Berman and Volcanim ioe 
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Hayman and Nay 1961). Summer coats of all breeds tend to be 
flat, short, glossy and of uniform length (Bonsma 1949, 
Yeates 1955, Dowling 1959, Dowling and Nay 1960, Berman and 
Volcani 1961, Hayman and Nay 1961). Summer coats tend to 
have a higher percentage of medullated hairs to facilitate 
heat dissipation (Bonsma 1949, Dowling 1959). 

The winter coat is not an elongation of the summer 
coat, Since there are two distinct periods of shedding each 
year, one in autumn and one in spring. During shedding, most 
if not all hairs are replaced (Dowling 1959, Dowling and Nay 
1960, Berman and Volcani 1961, Hayman and Nay 1961). Thus 
most follicles grow at least two hairs per year. Some hairs 
are eéntintaity being shed, but the proportion is low 
(Berman and Volcani 1961, Hayman and Nay 1961). Although 
Yeates (1955) found that photoperiod (and not temperature) 
was responsible for initiation of shedding and growth of the 
new hair coat, Berman and Volcani (1961) found that hair 
quantity per unit area and coat thickness were influenced by 
temperature - cooler temperatures resulted in thicker, 
heavier coats. They concluded on the basis of their own 
results and those of Yeates (1955) that the thyroid gland 
may be the common link to both thermally and 
photoperiodically induced change in the coat of cattle, 
since thyroid secretion could be affected by temperature as 
well as light. They suggest that day length changes cause 
the cyclic nature of the coat, whereas air temperature 


changes can modify the cycle. 
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Although it is generally accepted that there are two 
periods of shedding per year, the exact pattern of shedding 
is not known. Dowling (1959) suggested that the rate of 
shedding in the spring is rapid compared to fall - this 
results in the summer coat being quite uniform in length, 
but the winter coat being quite variable in length. This may 
be an important factor in stabilizing an insulating layer of 
air in the winter coat. However the results of Berman and 
Volcani (1961) do not support the idea of rapid spring 
Shedding. They suggest that shedding is a very gradual 
process, with the trend depending on whether daylight is 
increasing or decreasing. Similarly, Hayman and Nay (1961) 
report that it takes approximately four months to complete 
the spring shedding, since there is such a dramatic change 
in the coat compared to fall in terms of how much hair must 
be shed. 

In addition to season to season variation, 
Characteristics of the hair coat of) cattle vary over the 
body. Pan (1964) compared several characteristics of the 
hair coats of mature Sahiwal Zebu and Jersey cows at more 
than 20 locations over the body. He suggested from his 
results that the commonly used midside samples were seldom 
representative of the whole animal, and in addition the 
position that may be most indicative for a given hair 
characteristic in one breed may not be the same for that 
Same characteristic in another breed. For example, hair 


length increased posteriorly in both breeds, but posteriorly 
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and ventrally in the Jersey as opposed to posteriorly and 
dorsally for the Zebu. Hair diameter tended to increase 
posteriorly and ventrally in both breeds, also being 
greatest over the hind quarters. Other characteristics, such 
as hair length to diameter ratio, varied considerably over 
the body but showed no particular pattern. As a general 
rule, he suggested that sampling should be repeated along a 
line extending from just over the brisket to just in front 


of the hooks. 
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III. EXPERIMENTAL 


A. Animals and their Management 

The management, selection and breeding programs at 
Kinsella have been described elsewhere in more detail by 
Berg (1978,1980). Briefly, the breeding herd at The 
University of Alberta Ranch, Kinsella, was maintained as 
close as possible to conditions that would exist ina 
commercial cow-calf herd in Alberta. All cows were bred in 
July and August to calve in April and May, and heifers were 
bred for the first time to calve as two-year-olds. The 
animals ranged on the native shortgrass year-round, with 
some supplementary feed provided during winter. Levels of 
Supplementary feed varied with the severity of the winter 
and the age of the cows. Cows four years of age and older 
were allowed to lose weight over winter, but the animals 
were visually assessed and feed adjusted accordingly to make 
sure they would not become so thin health would be affected. 
In the exceptionally severe winter of 1981-1982, cows were 
started on grain in early December, gradually increasing up 
to 4.5 kg of barley per head per day by the end of the 
month. If the weather was particularly cold for a few days, 
the grain ration was increased to 5.5 kg per head per day 
during that period. Limited amounts of green feed and straw 
were also given, alternating every other day such that the 


cows received approximately 5 kg total supplemented roughage 
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per head per day. 

Heifers pregnant for the first and second time were 
kept separate from the main cow herd and were fed to gain a 
moderate amount of weight, 10 to 20 kg. In 1981-1982, they 
received an average of 3 kg of an 85% barley, 15% canola 
ration plus 2 to 3 kg of roughage per head per day over 
winter, starting in early December. Like the older cows, the 
grain ration was increased if the weather was exceptionally 
severe, at the discretion of the herdsperson. 

Mature cows calved on range although assistance was 
usually available if necessary. The first- and second-calf 
cows were confined at calving so they could be supervised 
more closely. All supplementary feeding ceased as soon as 
spring grass became available and the cows and calves could 
be turned out of the calving pastures. 

There was no creep feed available for the calves, and 
they were weaned at approximately five months. Heifer calves 
were maintained on a 50:50 ratio of concentrate to roughage 
from weaning to breeding at approximately 14 to 15 months of 


age. 


B. Climatic conditions 

Daily minimum and maximum temperatures were recorded 
over the fall and winter of 1981-82. Daily mean temperatures 
were calculated as the mean of the maximum and minimum for 
the day. Figure III.1 shows the weekly means for 


temperature. 
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Figure Ill.1. Mean Weekly Temperatures 
for the Winter 1981-1982, Kinsella. 
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The number of days with a mean daily temperature below 
-15°C was 7 for December, 28 for January, 19 for February 
and 5 for March. Since -15°C is an approximate TC for cattle 
(Webster et al. 1970), this indicates the approximate number 
of days that the cows would be spending a high proportion of 


their time exposed to cold stess. 


C. Selection Criteria 

The female population at Kinsella was selected for 
reproductive and maternal performance under range 
conditions. Cows must have weaned a calf each fall after 
their second birthday to remain in the herd. As well they 
were culled for poor udders, bad feet and legs and 
inadequate mothering ability. Severe calving problems, 
including the need for caeSarian section, were also cause 
for culling. Little or no selection was made for feedlot 
traits through the female side, however all males were put 
on feedlot test. The better indexing bulls were used for 
breeding, so that there was some tendency for rate of gain 
to increase in the females as well as the males, however, 
the yearly increases in female 540 day weight were modest 
compared to the yearly increases in male yearling weights 


(Berg 1978). 
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D. Breeding Groups 

521 cows of four major breeding groups were included in 
the study; 62 Hereford (HE), 116 Hereford Crossbred (HX), 
eecm bee meoyntneti C\ oY) anG. 115) Dairy Cross (DA =e inelHe 
group was a purebred population, open to artificial 
insemination from superior industry bulls and originally 
established as a control line for the other breeding groups. 
The HX herd included non-purebred animals with more than 50 
per cent Hereford breeding. The SY population was initiated 
in 1960 and stabilized at about 35 per cent Angus, 35 per 
cent Charolais, 20 per cent Galloway breeding, with the 
remaining 10 per cent made up of other beef breeds. The DA 
group was 50 to 70 per cent Holstein, Brown Swiss or 
Simmental, or some combination of these breeds, with the 


remaining 30 to 50 per cent made up from beef breeds. 


E. Measurements 
A summary of the variables considered in this study 


(and their abbreviations) is presented in Table III.1. 


1. Cow Size 

Cow bodyweights were taken in October (FW), January, 
February and March. As soon as practical after calving 
(generally within one to three days), the cows were weighed 
to obtain a postcalving weight. They were weighed again in 


June and October so a full year's weights were available. 
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Table IITt.1.Summary of variables measured and data recorded 


es 


Classification Abbreviation 


Variable name, units 


Eee A 


Cow Size FW 


Midwinter eo 
Condition BF 


Insulation Cr 


Performance WL 


October 1981 weight, kg 
January 1982 weight, kg 
February 1982 weight, kg 
March 1982 weight, kg 
Postcalving weight, kg 
June 1982 weight, kg 
October 1982 weight, kg 
Hip height, cm 


Condition score, 0-100 
Backfat thickness, mm 


Coat score, 0-100 
Average coat depth, mm 
Guard hair length, mm 
Undercoat length, mm 
Coat density, g/sq.cm 
Skin thickness, mm 


Winter weight loss, kg 

Calf birthweight, kg 
Preweaning daily gain, kg 
Calf 180-day weight, kg 
Calves born/cow exposed, % 
Calves weaned/cow exposed, $% 
Calves weaned/cow pregnant,% 
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Height was measured in mid-February by pulling a tape 
suspended from the ceiling over the chute down to the 
backbone of the animal between the hook bones. Care was 
taken to ensure that the animal was standing in a relaxed 


position, and not arched up or down. 


2. Body Condition 

Estimates of the condition of the cows were made in 
mid-February. Subjective scores by two separate groups of 
two observers were made, so that each animal had two 
condition scores ranging from one to five (See appendix I 
for details of the scale). In addition, subcutaneous backfat 
thickness (BF) was measured between the 12th and 13th rib 
over the ribeye with an ultrasonic backfat probe 
(Krautkramer Model USM2, Made in Germany. Supplied by 


Agriculture Canada). 


3. Hair Coat Insulation 

Several estimates of the insulative value of the hair 
coat were made to ensure that a representative picture could 
be obtained of this variable characteristic. Firstly, a 
subjective coat score (CT) was made, ranging from one to 
seven, with 21 possible categories (see Appendix II for 
details of the coat scoring procedure). Only one observer 
was involved, to maintain consistency. 

The depth of the coat was measured in three locations 


along an imaginary line extending from just above the 
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brisket to just in front of the hooks, as suggested by Pan 
(1964). A metal depth gauge (Moore and Wright, England) was 
inserted between the hairs to the skin, and the crossbar of 
the instrument pushed down to the level that most of the 
hairs were lying. The instrument could then be removed and 
the depth accurately read. The three measurements were 
averaged to obtain a mean coat depth value (DP). 

A hair sample was also taken from each animal. The 
position selected for sampling was the left hindquarter, 
just below the traditional branding site. Although this may 
not be a representative sample of the hair coat of the 
entire animal, it iS consistently one of the heaviest 
covered areas (Pan 1964), and thus should indicate relative 
differences in hair coat between different animals. To 
obtain the sample of hair for a fixed area of skin, the 
center teeth of the blade of a pair of small animal clippers 
(Oster Model A2 Small, Blade size 40, USA) were removed, 
leaving a gap of 15 mm. When these clippers were run along 
the sampling area in the direction of the hairs, a strip of 
hair 15 mm wide was left with shaven skin on either side of 
it (see appendix 3). This strip was brushed to remove hairs 
remaining from the clipping procedure (as little shedding 
waS apparent, this should not have affected insulation as 
determined by weight of hair per unit area). A second 
clipper (Oster Model A2-22, Blade Size 40, USA),that had no 
teeth removed, was then used to cross-sect the 15 mm tract 


at right angles, thus removing a sample Ofehair cover i nga. 


: ci ie * my he >2% 
ee 
Las ore i 


ve ee are: a 
a oF - Ao. P 

st ied odd neewied ‘bed 

a a ussanb 


- a Zs 
a a 
Gu 4 ‘ 
Pe es 


uv 7 
é 
[ 
a. 
_ 


bas bsvomer a6 ‘a2 840 emomassee! aatcagploed 
5138 2insoszdasem ney aif .S507 ekedeuisiarae 
(90) stidev digeb #69 nese 8 ntagdood & 

od? .[eaias dope OTR nang 080s es elqmae + 
 wsotaupboit isl sit gaw gaclgane 102 Sa2oeiee 
vem zits decodtla isdte: sak ead imaods toes vas voted 2 


seaiysoen ent to sno ylinepebades ef Fi , Lamia ; | k: 
evissiex sitsolibai bivode aude one , (8s! ney 289%8” 97 
oT .sisatins snayvetile nesewrsd 60D tiad at e@: 
oid .nixe 20 esis Bedi s tot died $4) keeiaiariekiie : 
exsqgi{s tamias Iisme io aisq s to ebhseid edad 26 dtead | 
,bevome: stow (420 .0) sie obela ,liam? SA Lebom 193 
paels aux stew aidqatlo geste nelW .am-st >to qap 8 cr : 
io Qixze se ,2¥isi s#¥ to netisezib odd nb egies ontiquse 9 
lo sbie radtis nO #hteladvste giv stef cow able met : 
atisd svomez 02. badaund esw Gitte aidT sé xisneqqhctaleen 
pnibbede elssil es) stuBss0%q paiqagtia ed? moz?: ‘patnteeet | 
es notisiuent betselis evad ton bivode aid? _seomnqenaiant 
inevse A . (ass Siow 19q trad to tdpisw yd a108 ‘ 
on Sed daddy, (AeU . 08. ete s6ei@ ,SS-SA Lsbom nial 
$oett mm at eft tose-az01D 03 beeu madd Baw jbevomet Aseed 
ar, paitipres: wet: io aigwse 6 eaivones cunts -yaekpan | sdpha ge ‘i 


ih 


<4 ee , 7 
; oe 
; : ; . ; ade 
i r 7 - _ 
— = _ >a) 7 c~ 


7 


7 
7 


ue 


32 


mm by the width of the second blade, 40 mm. 

The hair samples were air dried for one week at room 
temperature and weighed to the nearest mg. This weight was 
divided by the area of skin the sample was taken from to 
give an estimate of coat density (DN). Previous work by 
Peters and Slen (1964) had indicated that it was not 
necessary to clean the samples before weighing. 

The lengths of the guard hairs (GL) and the undercoat 
hairs (UL) in the samples were measured at the time of 


Sampling. 


4. Depth of Skin 

Skin-fold thickness was used to eStimate skin thickness 
(ST). A sample of skin was pinched between the fingers and 
thumb and pulled away from the animal to allow an 
engineering caliper (Model 965, Moore and Wright, England) 
to measure the thickness of the fold at a constant pressure. 
The sample was taken at a poSition located between the 12th 
and 13th rib, approximately half-way down the animal's side. 
The animals were not clipped or shaven first. The sampling 
area was determined to be a representative area by a 
preliminary trial of several locations over the body, as 
long aS care was taken to avoid the inclusion of the 
superficial muscles under the skin. The skin-fold thickness 


measurement was divided by two to obtain an estimate of skin 


depth. 
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5. Animal Performance 


Records of cow performance included midwinter 
condition, cow weight loss from October to postcalving, and 
calf birthweight, daily gain to weaning and 180-day weaning 
weight. Health records of both the dam and calf were kept. 
In addition, calf crop percentages, on a per cow exposed to 
breeding and per cow pregnant as determined by an early 
winter pregnancy test, were calculated for each breed-age 


Subclass. 


F. Statistical Analysis 


1. Categorical Traits 

The subjective condition and coat scores for each 
animal were assigned a numerical score ranging from 0 to 100 
by the method outlined by Tong and coworkers (1977) for 
categorical data. The residual deviations of the transformed 
scores were approximately normal, unlike the original scores 
which were kurtotic. Animal rankings would not changed by 
this procedure (Tong et al. 1977). The scores derived were 
0,23,43,60,81 and 100 for the average of the two condition 
Scores given to each animal and 
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2. Repeatability 

Repeatability values were calculated for subjective 
coat score, average coat depth and skin-fold thickness by 
least squares multiple regression analysis, on the basis of 
repeated measurements on 90 two-year-old cows. Date of 
measurement was included in the model. Analysis of variance 
was also used to determine if breed of cow and date of 


measurement were significant sources of variation. 


3. Least Squares Analyses 

Model 1. Least squares analyses of variance for unequal 
subclass numbers (Harvey 1975) were computed with the 
effects of breed of dam, age of dam and breed x age of dam 
interaction as sources of variation for the height, 
condition, depth of skin and haircoat measurements. Levels 
for the main effects were: 

1. Breed of Dam (B), classified as HE, HX, SY and DA; 

2. Age of Dam (A), classified as 2, 3, 4, 5, 6 and 7 
years or older. 
Least squares means were then calculated for the dependent 
variables in the following model: 

Na Ken Cla) Oh ASes RBA) ate 1K 
where 

Yijk = height, condition or insulation measurement of 
the ith breed and jth age of dam, 


U = overall population mean, 
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effect of the ith breed of dam, 


Aj = effect of the jthoagesof ‘dam; 


BAij = effect of the interaction of the ith breed and 
jth age of dam, 

eijK = random error. 

Model 2. In the second part of the analysis, 
bodyweights, October to postcalving weight loss, calf 
birthweight, average daily gain to weaning and 180-day 
weaning weight were analyzed as dependent variables by 
Harvey's least squares analysis of covariance for unequal 
subclass numbers. LeasSt squares means were computed 
adjusting for.the effects of breed of dam, age of dam, breed 
x age of dam interaction, and sex of calf as main sources of 
variation, and calving date aS a covariate. Levels for the 
main effects of B, A and BA were as in the previous model, 
and 

3. Sex of calf (S), classified as male and female; 

4. Calving date (D), the covariate was recorded as the 
sequential day of the year. 

The model used was 

Vi jKVi=eud+ cBid+ tAgat (BAI J OF Sketebi kigkiet engki 


where 


Yijkl bodyweight or performance dependent variable of 
the ith breed and jth age of dam with the kth sex of calf, 
U = overall population mean for X = 0, 


Bi = effect of the jth breed of dam, 
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Ajesseffectsofathe jth age of dam, 

BAij = effect of the interaction of the jth breed and 
jth age of dam, 

sKkisseftecthofytheokthmsexuofecal fe 

bIXijk] = partial regression of the ]th bodyweight or 
performance variable on the date of calving, 

eijk] = random error. 

Student-Newman-Keuls multiple comparisons were used to 
test differences between individual least squares means when 
Significant differences were established by the least 


squares analyses. 


4. Calving Data 

R x C tests of independence using a G-test (Sokal and 
Rohlf 1981) were used to test differences between calf crop 
means. 

In addition, cows were grouped according to whether 
they weaned a calf, carried a calf to term but did not wean 
it, or did not complete gestation even though they had a 
positive pregnancy test mid-January. Insulation (CT, DP, GL, 
UL, DN, ST) and condition (CS, BF) least squares means were 
computed for each group, adjusted for the effects of breed 
and age of cow. Differences between means were tested by 


Student-Newman-Keuls multiple comparisons. 
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5. Regression Analyses 

Multiple regression analysis was used to determine the 
relationships of insulation, midwinter condition, and winter 
weight loss to the various measures of cow performance. All 
the following models were run in the "Test" subcommand of 
the regression command in SPSSX (SPSS, 1983). This method 
builds the full model outlined and then removes designated 
subsets from the full model. Tests of significance were 
based on the change in R-squared due to subset removal. In 
the following models, the regression output was examined for 
the effects of removing subset 5: 

Models 1A and 1B. These models were used to determine 
Ehesimporntrance sof *the#insulativon traits GE€T;eDP, GL, UL, DN, 
ST) to the cow and calf performance traits. Preliminary 
regression analysis indicated that there was no difference 
whether the insulation variables were entered stepwise or 
Simultaneously. Standardizing and combining the variables to 
create a composite insulation variable also did not affect 
results. It was decided to enter all insulation variables 
Simultaneously as a subset to indicate the maximum amount of 
variation they could explain. 

The dependent variables in Model 1A were cow midwinter 
condition (BF, CS) and winter weight loss (WL). The model 
included the following subsets: 

1. Breed of dam (B) 


2. Age of dam (A) 
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3. Height of dam (H) 


4. Fall weight of dam (FW) 


5. Insulation variables (CT,DP,GL,UL,DN,ST) 


Model 1B was used for the dependent calf performance 


variables (BW, DG, WW), and was composed of the following 


Subsets: 
a. 
2. 
oe 
4, 


D.. 


Breed of dam (B) 
Age of dam (A) 

Sex of calf (S) 
Date of calving (D) 


Pnsulation-variablés #UCT,, -DP,. Gl,U0L, DN, aST)s. 


Model 2. The independent variables being tested for 


their importance to performance in this series of 


regressions were the midwinter condition variables, BF and 


CS. The dependent or performance variables were weight loss 


(WL), calf BW, DG, and WW. The full model included the 


following subsets: 


ies 


Breed of dam (B) 


2. Age of dam (A) 


She 
4. 


GaxmoLr Calt (Ss) 


Calving date (D) 


5. Backfat (BF), Condition Score (CS) 


Since there were only 261 records containing backfat data, 


the regressions were rerun using all animals and omitting 


backfat from subset 5. Results were Similar thus were not 


included. 
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Model 3. This model was used to determine the 
relationships between winter weight loss (WL) and calf 
performance (BW, DG, WW). The full model was composed of the 
following subsets: 

1. Breed of dam (B) 

2. Age of dam (A) 

Bemoex wot ecallf iS) 

4. Calving date (D) 


5. Winter weight loss (WL) 
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Table IV.1. Repeatability of Coat Score, 
Coat Depth, and Skinfold Thickness, 
With Literature Comparisons 


Workers 


Girait Repeatability 
Coat Score 0 293 
0.62 
Coat Depth Oey 
Skin Thickness 0.60 
0.94 
0.80 


Present Study 
Schleger & Turner 
(1960) 
Present Study 
Present Study 

MuLlony (1961) 
Dowling (1955b) 
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IV. RESULTS AND DISCUSSION 


A. Insulation Estimates 


1. Repeatability 

Repeatabilities for coat,score (CT), average coat-depth 
(DP) and skin thickness (ST) are presented in Table IV.1, 
along with literature values. The repeatability of coat 
score was 0.53, highly significant (P>0.001). Schleger and 
Turner (1960) .obtained an only slightly higher value, 0.62, 
on the basis of repeated observations on 500 Hereford and 
Shorthorn cows. The analysis of variance of coat score in 
this study (Table IV.2) indicated that there was no 
Significant difference in mean coat score between the first 
set of measurements and the second (effect of date), also in 
accordance with Turner and Schleger (1960). As expected from 
their work, breed had a significant effect (P>0.001) on coat 
score in this study. 

Repeatability of coat depth was found to be 0.57, 
highly significant (P>0.001). Analysis of variance of coat 
depth (Table IV.2) indicated that date was a significant 
source of variation (P>0.05), since the overall mean for 
coat depth was higher in the first sampling than the second. 
The average daily temperatures when the first measurements 
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second measurements were taken. Since an approximate 
Critical temperature for beef cows is -15°C (Webster et al. 
1970), piloerection of the hair coat as a response to cold 
could have affected coat depth measurements. 

The repeatability of skin thickness was 0.60, again 
highly significant (P>0.001). Dowling (1955b) and Tulloh 
(1961) obtained higher repeatability estimates for this 
trait, 0.80 and 0.94 respectively. However in Dowling's 
study both measurements were made on the same day, so there 
was no Significant effect of date (temperature) as there was 
in this study (Table IV.2). Colder temperatures when the 
first set of meaSurements were taken could have caused 
vasoconstriction of the blood vessels near the skin and thus 
lower skin thickness measurements. Tulloh (1961) used 
measurements repeated on five animals only, and did not say 
how much time there was between measurements, although cold 
stress waS not involved. 

Generally, the repeatabilities obtained for coat score, 
coat depth and skin thickness were not particularly high, 
even though significant. It was thought they were in a range 
acceptable for this study since several estimates of 


insulation were available for each animal. 


2. Correlations 
The simple phenotypic correlations between the 
insulation traits are presented in Table IV.3. The 


correlations between skin thickness and the hair coat traits 
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Table.lv.3)- Phenotypic Correlations Between 


Insulation Traits. Kinsella 1982. 
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ranged from non-significant to 0.14, all low and positive. 
Although a strong relationship would not be expected between 
these traits, some association was indicated by the work of 
Blaxter and Wainman (1964). They found that decreasing the 
hair coat of an animal by shearing decreased the tissue 
insulation, which is primarily determined by skin thickness. 
The hair traits were all significantly (P>0.05) 
positively correlated, in the low to medium range. The 
correlations between coat score and the other hair traits 
were lower than those reported by Turner and Schleger 
(1960), who developed the score. However there were not as 
many different coat types to classify as in this study, 
Since all animals were similar in age, size and breed. The 
correlations between guard hair length or undercoat length 
and coat density were similar to those reported by Peters 
and Slen (1964) in Alberta. Generally, the correlations 
obtained were as expected by the nature of the traits; 


relationships existed but not particularly strong ones. 


B. Least Squares Analysis 


TaeSvze 

The least squares means and standard errors of height 
and fall bodyweight are presented in Table IV.4. Over all 
breed and age groups examined, the average height and fall 
weights were 129.0+0.3 cm and 491+3 kg respectively. They 


ranged from 126.3+0.4 cm and 394+5 kg for two-year-olds to 
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Table IV.4. Least Squares Means and Standard 
Errors of Height and Fall Weight, 
By Breed and Age of Cow. 
Kinsella 1981-1982. 


Height (cm) Fall Weight (ko) 

No. Mean SE tc) s Eo er esac 

Overall 521 129.0 0.28 491 3.2 
2 yrs 141 126.3a 0.40 394a An5 
3 yrs i Ne la f L2ee7 DC Oe4aT 432b 5.4 
4 yrs 69 129..3bed 0.64 484c 73 
SV.CS 47 HES Ttlayste! OF 7 S21d 8.8 
6 yrs 38 130.9d Vaca: 8). 558d L126 
7 yrs 109 E2350 0.63 S20 sae 
HE 62 125.6a 0.74 48la 8.4 
HX 116 128.6b 0.63 495ab ise: 
SY 228 L302L¢c 0233 503b 3.8 
DA ETS dino O Beye! 0.44 487a ak 
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different subscripts are significantly different 
(P>0.05) 


ee 


- : ft AS ee a 
7 es) t ue ' ' 
Ps a — on 
2 oi { . 
oa. 7 r ‘ 7 
SL 
\y le. ; — u ni 
' a 
A i 
jrebhAete bas S06eM &: 
4 fe wy 
ticre® If6t bas Sapien 


é 


toi ks aps pe Ae 


ome te te 


ea i te 
oie ay na hn me oA 


(pH ) Iny “Wy Veo ) ae the + 2 oH oa a 
. ee. 2). Sipe nee aa : ae 
jon Sas = Ue oan —— ‘A ae an —_ +s _— eae a acc ato a ee uated altaliiiconalod 
S.£ bop SS OreEL. ise 
2 shes MESO. ef.¢5f. . 2M 
2 $5E% cbyo i Oak Wii 
;.f Shed eo.0 bide .@o5. RO , 
6.4 Bike fi se bo2 .Gel ve 
via Bece cq.! be. GEL 6 
. bce E920 af, Bi 4 R04 
; “ 4 ; f ; t 
b.2 eres AT.0 ge.288 a : 
¢.% lee es o.0 da. Sei eit 
Bz aioe f&.0 ot Ot 
L.@ ays! hhO bY. eg 
a eee ee ERE ATT AN PORE ON IRON Atal me - anmentems ~ 9 sa Oh I + 
nw 2 oes i 


a ee 


hing eps yd xO bos 
tps 33 


Bes) Ct 


a mitacct dined 
YO S202) > 
ye 


eA a pees 3 : 


a 30 BPA ‘bre rir 
net dal ‘ Bes { ‘ 


“ct vd ee tis wilde oi 
th wloneodaing ie S15. 


Jzn92 


ee dette nm rome 
ee ee aye 
, ’ 


47 


128.3+0.6 cm and 552+7 kg for cows seven years and older. 
For both traits there was an increase across the age groups 
up to a maximum at six years, followed by a Significantly 
lower (P>0.05) height value for cows seven years and older 
but a non-significantly lower weight value. A similar 
decline in height after maturity has been observed by Nelson 
and coworkers (1982), who quoted that it may be attributable 
to normal shrinkage of the body with advancing age. 

Breeding group differences in fall weight followed a 
Similar pattern to height, increasing in size from HE to HX 
to SY. This ranking was expected from the relative sizes of 
the original breeds making up the different breed groups. 
The DA group was different in its ranking for weight than 
for height; the animals in this breed group weighed 
Significantly less (P>0.05) than those in the SY group, 
however they were significantly taller. This may have been 
due to the influence of the Holstein and Brown Swiss breeds 
in the DA. These breeds have had more emphasis on milk 
production in their past than meat production, and would not 
be expected to have as much body mass at the same height as 
the beef breeds. It may also be because the DA group had 


less condition than the other breeding groups. 


2. Midwinter Condition 
Least squares means for the transformed average 
condition scores (CS) and backfat thickness (BF) are 


presented in Table VI.5. The overall means were 64+0.9 for 
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condition score and 6.8+0.15 mm for backfat thickness. 
Neither condition score nor backfat thickness showed a 
Significant pattern of change from young to old cows, 
however cows six and seven years or older had slightly 
higher condition scores than two, three and four-year-olds. 

Four-year-olds had significantly lower (P>0.05) 
condition scores than the other groups, however backfat 
thickness was similar in four-year-olds to the older cows. 
The correlation between condition score and backfat 
thickness was low, on the order of 0.17. It is probable that 
the four-year-olds did have less condition, in spite of 
their backfat measurements. This was their first winter with 
the mature cow herd under harsh nutritional conditions and 
with competition from older, larger cows. 

HE and HX had similar condition scores, these were 
Significantly higher (P>0.05) than those of SY cows, which 
in turn were significantly higher than those of the DA 
group. These breeding group differences partly reflect 
different selection histories. The HE and HX were composed 
primarily of early fattening breeds, whereas the SY was 
composed partly of Charolais, a later maturing, later 
fattening breed that would not be as well conditioned at any 
time of the year as Herefords. The DA would be expected to 
have even less condition due to the influence of the 
Holstein and Brown Swiss breeds. In addition, these breeding 
group differences may reflect different abilities to 


withstand the cold and nutritional stresses of winter. 


riba 


- —_ pl - , 
ro <= 7 
aa aed ny ey a san 
~, + - — ae r 
Ja .> ” 
we 


29 sa mene boa xi ‘so 


beak ast 


teidoed sane Weise gr tay jet 
-avnoo isblo s7 of ‘eb omebogr igh nt ‘satan ct a 
tedtosd Bns syo8 toiaromo$, neewsad issn a 
ted: ofdadezg at 1) TP. tb sebie ons ao ol ev a 
| Yo shige ni .roivthnos ast set Bi ehco-seey~au0} « 
f2 iw sedniwisJ231i? siedd eew akdtT” Lategmsivesem sattoed 2 
bes enortiimon Lenortsiitun) desad 196Au based mise “ 
eHS9 aeeass, Re, eee apiahang 
sie" seen}, 420t932 nd ie #Bads, at inig | 
fiotdw .<awos Ye to S20n3 oasdzt rg0u0%4) sofia da 
AG. ois 20, sgetty' Hedy weigtdy eh 
isehter gi sabe daorowstt ib avon 
ere 9194 = ay aS ee saat 


ah 


isae! peiausem titel 5 jatatorgd % — 
qs 26 benoisibnos tisw as. ‘ad ton Biwow' 


50 


Without information on the relative condition of the animals 
prior to winter, no conclusions can be drawn with respect to 
the relative importance of these influences. 

There were no significant breeding group differences in 
backfat thickness, although as in condition score, the DA 
ranked lowest. Since there are breed differences in fat 
distribution among the various fat depots (Berg and 
Butterfield 1976, Cianzio et a]. 1982), the absence of 
Significant breed differences in subcutaneous fat, which is 
what is best estimated by the ultrasonic probe at the 
12-13th rib (Cianzio et a]. 1982), does not necessarily 
indicate that there were no significant breed differences in 
body condition. Body condition would be more indicative of 


total body fat (Berg and Butterfield 1976). 


3. Insulation 

Table IV.6 presents the least squares means and 
Standard errors for the hair coat traits and skin thickness 
by age and breed of dam. 

Overall least squares means and standard errors for 
hair coat parameters were 50.7+0.7 for coat score, 17.340.2 
mm for average coat depth, 44.2+0.6 mm for guard hair 
length, 25.9+0.3 mm for undercoat hair length and 35g620.5 
g/sq.cm for coat density. There was a trend for coat score, 
coat depth, guard hair length and coat density to be maximum 
in two-year-olds and decline in the three or four-year-old 


age groups, significant for all variables mentioned except 
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coat depth (P>0.05). Undercoat length did not exhibit this 
trend. Previous work (Dowling 1955a, Schleger and Turner 
1960) indicated that age would have an influence on hair 
coat characteristics since all the hair follicles are laid 
down at or shortly after birth and spread out as the size of 
the animal increases. This would reduce weight of hair per 
unit area, coat score and possibly hair depth. Turner and 
Schleger (1960) also noticed decreases in coat score with 
age. However, stretching of the skin does not explain why 
guard hair length would decrease with age, so other factors 
are probably involved, such as nutrition and management. It 
was noted at Kinsella that young animals Apionace in another 
trial, on a much higher plane of nutrition than the cows in 
the present study, had much heavier looking coats. Since two 
and three-year-old cows were on a better plane of nutrition 
than the older cows, it may be that nutrition was related, 
although no conclusions could be reached on the basis of 
these casual observations. 

Breeding group differences in all of the coat traits 
were significant (P>0.05) and followed a similar, though not 
identical pattern. Figure IV.1 presents the breeding group 
least squares means for each of these traits, standardized 
to mean zero and variance one. It can be seen that HE 
consistently ranked above the overall average for these 
traits, the HX and SY intermediate, and the DA consistently 
below average. If heavier insulation was related to 


adaptability to range conditions, this would be the ranking 
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expected. The HE is the traditional range breed and has been 
longest selected under these conditions, the DA have only 
recently been used on range and the HX and SY would be 
intermediate to these two extremes. 

Most literature reports of hair coat parameters are 
derived from work in hot climates with heat resistance, thus 
are not comparable in terms of the actual magnitude of the 
values to this study. However, breed of cow is consistently 
a significant source of variation (Dowling and Nay 1960, 
Schleger and Turner 1960, Hayman and Nay 1961, Pan 1964, 
Peters and Slen 1964). Peters and Slen (1964) at 
Manyberries, Alberta, reported a value for coat density of 
36.7+2.3 g/sq.cm for Hereford cows during winter, similar to 
the value obtained in this study. They reported a mean hair 
length value of 29.1+0.09 mm, which is lower than the 
average of the least Squares means of guard hair and 
undercoat length (35.8+2.3) for HE in this study. However, 
their samples were from the midrib region, not the 
hindquarter as in this study, and hair length increases 
posteriorly (Pan 1964). 

The overall mean for skin thickness as determined by 
skin-fold thickness was 5.63+0.04 mm (Table IV.6). There 
were significant (P>0.05) age of dam effects, but no 
particular pattern across the age groups. The 
three-year-olds had a significantly lower (P>0.05) skin 
thickness value than the other age groups. Breeding group of 


cow was also a significant source of variation. The HE had 
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the thickest (P>0.05) skin, the HX and SY were intermediate 
and significantly thicker (P>0.05) than the DA. 

Although limited work has been done in this area, these 
results generally agree with the work that was done in the 
late 1950's in Australia (Table IV.7). Dowling (1955b) 
reported an overall mean of 4.55+0.05 mm for skin thickness 
determined by skin=foldStTulloh (961) reportedsmeans of 
S220, .2./9 and 4.84 for Shorthorn, Angus and Heretora cows 
respectively. However, the sites were clipped before taking 
the skin-fold measurement in both of these trials, which 
would lower the means by an average of 0.94+0.12 mm (Tulloh 
1961). 

Dowling (1955b) found no significant effect of age of 
dam, although there were significant breed effects on actual 
skin thickness as determined by skin biopsy. (He also 
reported that skin biopsy had a high positive correlation 
with skin thickness as determined by skin-fold.) His ranking 
of Hereford, Shorthorn and Angus cows for skin thickness was 
themsamesas that found by Tulloh (1961) stor skin—-told 
thickness measurements. These reports indicated that 
Herefords have the thickest skin which agrees with the 
current study. 

Dowling (1955b) also reported skin thickness values for 
the Friesian and Jersey; the Friesian ranked intermediate 
between the Angus and Hese sora the Jersey lower even than 
the Shorthorn. These rankings conflict with those in the 


present study. In spite of the Holstein breeding in the DA 
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Table IVvV.7. Literature Values for Skin Thickness, 
Determined by Skin Fold and Biopsy. 


No. Mean SE Breed Workers 
ra en ee ee 


Determined by Skin-fold Thickness 


bie 4.55 07.05 Shorthorn peowling 19555 
Cows 

25 4.84 Oo Hereford Tulloh 1960 
Cows 

18 4.79 (Oe Pas hs Angus Cows 

pes 3.98 Ona Shorthorn 
Cows 


Determined by Skin Biopsy 


50 6.77 Os 0:7 Hereford Dowling 1955b 
20 55 5 Ome Angus 

41 5.69 0.08 Shorthorn 

20 6.08 Omit Friesian 

12 5.46 Onis Jersey 

50 sore - High Nutrition 

50 5.16 ~- Low Nutrition 


LLL 


* These were the standard errors of the actual 
skin-fold thickness measurements. 
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group, it had a lower mean skin thickness than HX and SY 
cows. It 1s possible that under the conditions at Kinsella, 
the DA cows were under sufficient nutritional stress that 
less fat was laid down, thus skin-fold thickness was 
affected. Dowling's results (1955b) support this idea since 
cows on a high plane of nutrition had significantly 
(P>0.001) thicker skins than those on a low plane of 


nutrition in his experiments. 


4. Weight Change Patterns and Winter Weight Loss 

Least squares means and standard errors for bodyweight 
at different times of the year are presented in Tabie mV 
by age of dam. Overall means were 490, 468, 502, 466, 496 
anay523 kg form October 1981, danuarye 9627 March 1982, 
postcalving, June and October 1982 weights respectively, 
with an average standard error of 3 kg. Figure IV.2 
illustrates the weight change pattern throughout the year 
for the different age groups. On average the cows increased 
in weight through the age groups up to a maximum at six 
years of age, although tests of significance frequently did 
not indicate any significant increase in weight after five 
years of age (Table IV.8). The additional care and better 
nutrition that the two and three-year-olds received over 
winter at Kinsella was reflected in their weight patterns; 
they actually gained weight over winter. This gain reflected 
skeletal as well as muscle and fat growth, whereas in the 


older cows it would be expected that most of the weight 
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fluctuations would be due to alterations in condition. By 
four years of age, the weight change pattern over the year 
became consistent. Cows lost weight from October to January, 
when the increasing size of the fetus and associated tissues 
and fluids caused cow weight to increase again until 
calving. The net loss from October to postcalving was called 
winter weight loss (WL). After calving, the cows regained 
lost weight as nutrition and climatic conditions improved, 
and reached their previous fall weight by June. They 
continued to gain weight over the summer of 1982 until 
October, resulting in an average net gain from the fall of 
foOtmtOethestall too mS 2°Gie 27ukg: 

Breeding group least squares means are presented in 
Table IV.9. Breeding group differences were significant 
(P>0.05). Figure IV.3 plots the breed least squares means 
versus time of year. Rankings remained similar throughout 
the year except for the postcalving weights. Although not 
Significantly different, the HE weighed less at calving than 
the other breed groups, consistent with its ranking 
throughout the rest of the year. The other three breeding 
groups weighed within 3 kg of each other postcalving, in 
Spite of a 15 kg range at other times of the year: 
Consequently there were significant (P>0.05) breed group 
differences in winter weight loss. As can be seen in Table 
IV.10, SY cows lost significantly more (P>0.05) weight than 
DA cows. HE and HX cows lost an intermediate amount of 


weight. Within breed group-age class least squares means are 
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Table IV.10. rpeast Squares Means! and Standard 


Errors for October to Postcalving 
Weight Loss, by Breed and Age of Dam, 
Kinsella 1981-1982. 


eee 
SS —————eeeeeeeeoeeeeeaeaeaeaeaeaeaeaewna—a—a—————— eee O_ 


Weight Loss (kg) 


No. Mean (kg) S.En 
a ac a a 
Grand Mean 464 Pit yw 4 222 
HE Overall 53 25.lab 5.6 
2 18 -17.5 7.6 
3 LS - 2.7 8.6 
4 5 2 res, 14.4 
) 9 50.7 10.9 
6 2 39.6 22.6 
7 3 65 21 10.8 
HX Overall 96 23.4ab S533 
2 38 - 8.5 5 2 
3 BL 14.4 S28 
4 16 Ler 2 8.2 
5 4 29.9 16.3 
6 4 38.4 16.0 
7 3 50.7 18.6 
SY Overall 205 29.8b 2.5 
2 41 -14.5 5.0 
3 40 3 eS 
4 30 46.4 so Fee ) 
5 15 38.9 8.3 
6 18 50.4 7.6 
7 61 48.1 4.1 
DA Overall 105 14.4a 3.4 
2 23 -11.4 6.7 
3 14 3.4 8.6 
4 13 24.3 9.1 
5 16 38.0 8.0 
, 6 10 ha 5) 10.1 
7 29 10.9 6.0 


ee 
ab Breed overall means with different subscripts are sign- 
ificantly different (p20.05) 
Means adjusted for B,A, BXA, Sex of Calf and Calving Date 
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presented (Table IV.10), since the analysis of covariance 
(Table IV.11) indicated highly significant (P>0.01) breeding 
group by age interaction effects for this trait. Figure IV.4 
is a plot of the least squares means for weight loss by 
breed versus age of dam. All breeding groups increased their 
mean weight loss until four or five years of age. However, 
older DA cows tended to lose less weight than cows in the 
other breeding groups. There was no obvious explanation for 
this. 

Overall, the values for winter weight loss contrasted 
sharply with those of Butson (1981). In the same herd, she 
obtained a mean weight loss of 52 kg, with no significant 
breed differences. This contrast was surprising, since the 
winters under which Butson's data were collected were much 
less severe than the winter of 1981-1982. It also indicated 
that in 1981-82, the cows were more than amply compensated 
for the subnormal temperatures with the grain supplementing 
program. Because of this, the question arose as to whether 
the cows were actually under severe enough stress in the 
current study to test their winter hardiness. This will be 
discussed later. 

The breeding group differences in winter weight loss 
observed in this study also differed from previous reports. 
Deutscher and Whiteman (1971) and Wyatt et a]. (1977) 
observed that cows with dairy breeding lost more weight than 
Hereford cows. This would be expected if the animals with 


dairy breeding were less adapted and under more stress than 
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Table IV-1l- least Squares Analysis of Covariance 
of Weight Loss from October 1981 
to Postcalving 1982. Kinsella. 


————— a 
———————————————————————_—_—X—X—X—X—X—X—X—_—_— 


Source Degrees Mean Significance 
of of Square E of 

Variation Freedom Fi 

Breed 3 4580.5 4.484 -0041 

Age 5 2052.9 2420 .-0000 

Sex iL ELOes 0.109 -7420 

BxA 15 223.1000 2.185 -0063 

Sexes 8 794.8 0.778 -5065 

Aux&S 5 901 0.088 -9940 

Calving Date 1 24112.8 23.612 .0000 

Remainder 430 1021.2 

Total 463 
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the others. However, dairy type animals appeared to have 
less of a tendency to put on condition than beef types. It 
is possible that the observed high weight loss in the beef 
breeding groups relative to the DA was reflecting a loss of 
excess condition built up over the late summer and fall. As 
noted previously, information on the condition of the 
animals prior to winter would have been useful. 

Although Butson (1981) did not report significant breed 
differences in winter weight loss, she did note significant 
age group and within age group differences. As in the 
present study, mature cows demonstrated a significantly 
higher (P>0.05) weight loss than younger cows. In both 
cases, this can be attributed to the preferred treatment 
given young cows at Kinsella. Other workers (Deutscher and 
Whiteman 1971, Wyatt et al]. 1977) have shown that young cows 
tend to lose more weight than mature cows if feeding and 


management were Similar. 


5. Calf Performance 

Least squares means and standard errors for calf 
birthweight (BW), average daily gain to weaning (DG) and 
180-day calf weight (WW) are presented in Table IV.12. The 
BA interaction was a significant (P>0.05) source of 
variation for birthweight (Table I1V.13), however the 
variation appeared erratic (Figure IV.5). Overall, 
birthweight was highest for HX and DA, approximately 40+0.9 


kg, intermediate for SY (38.2+0.4 kg), and lowest for HE, 
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Table IV.13. Least Squares Analysis of Covariance for Calf 
Birthweight. Kinsella, 1982. 
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Source Degrees Mean Significance 
of of Squares of 
Variation Freedom F = Statistic 
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35.540.9 kg. This concurs with previous years' results in 
this herd (Butson 1981, Arthur et a]. 1982) and others 
(Singh et a]. 1970). 

The overall least squares means for preweaning daily 
gain and 180-day calf weight were 1.02+0.01 kg per day and 
221% 2 kg respectively (Table I1V.12). Daily gain and 180-day 
weaning weight increased across the age groups, plateauing 
at four years of age. Daily gain was lower in the seven 
years plus group, reflecting that some cows in this groups 
would be past their prime. Breed effects on preweaning daily 
gain and 180-day weight were significant (P>0.05). There was 
a trend for DA cows to outperform SY and HX cows, who in 
turn Significantly (P>0.05) outranked the HE herd. This was 
consistent with previous reports from Kinsella (Butson 1981, 


Arthur etal. 1982). 


C. Calving Data 

Means for calf crop traits are presented in Table 
IV.14. Overall, per cow exposed to breeding, the number of 
calves born (BE) was 0.82 and the number weaned (WE) was 
0.75. The number of calves weaned per cow with a positive 
pregnancy test in early winter (WP) was 0.91. There were no 
significant differences between means. There was a trend for 
performance to increase with age class to approximately four 
years of age, then level off in the older animals. DA was 
lower with only .787 calves born per cow exposed. The DA 


also ranked lower than the other breeding groups for calf 
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Table IV.14. Unadjusted Calving Data by Breed 
and Age of Dam. Kinsella 1982. 
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crop weaned per cow exposed, only 73.8%, although very close 
to HX, 74.5%. The SY ranked intermediate (77.5%), and the HE 
highest (79.3%). The HE and DA ranked highest for calf crop 
weaned per cow pregnant (93% and 92.3% respectively), 
followed by SY (90.5%) and HX (86.3%). 

These results contrasted with those obtained previously 
at Kinsella (Berg and Makarechian 1980, Butson 1981, Arthur 
et al. 1982), which indicated that cows with dairy breeding 
performed as well or better than those with beef breeding. 
However, Deutscher and Whiteman (1971) reported that high 
producing cows tended to have lower reproductive rates. 

The reasons for the lower overall calf crop born and 
calf crop weaned per cow exposed for DA were the low values 
for young cows (Table IV.14). Calf crop born weaned only 56 
and 67%, for two and three-year-olds respectively, per cow 
exposed. Since calf crop weaned per cow pregnant was in a 
Similar range to the other breeding groups for this trait, 
the two and three-year-old DA cows did not have as high a 
conception rate (or ability to maintain pregnancy up to the 
time of the winter pregnancy test) as the other breeding 
groups. This particular trait would not be expected to be 


related to winter adaptability. 


D. Relationship of Insulation to Performance 
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1. Midwinter Condition and Winter Weight Loss 

The results of the multiple regressions of condition 
and weight loss are presented in Table IV.15. Values are 
given for R-squared when only the insulation traits were 
included in the model, when the full model 1A was used, and 
the change in R-squared when insulation was added to the 
restricted model 1A. 

The insulation traits explained 2.8% (significant, 
B20.05) or the tofalivariation fin conditiom scorematter 
accounting for breeding group, age, height and fall weight 
of dam. Even if the main effects were not included in the 
model, only 7.3% of the total variation in condition score 
was explained by insulation. Similarly, the insulation 
traits explained 5.6% (significant, P>0.05) of the total 
variation in backfat thickness of cows four years of age and 
older, over and above that explained by the main effects 
(B,A,H,FW). Though significant, these values were not high, 
and it does not appear that insulation was an important 
determinant of midwinter condition. 

Insulation as determined in this study was not a 
significant source of variation in winter weight loss once 
B, A, H, and FW were accounted for. 

The weak relationships between the insulation variables 
and estimates of midwinter condition and winter weight loss 
were surprising considering the severity of the winter. 
However, aS mentioned previously, the cows may not have been 


under severe stress, as shown by the low weight loss figures 
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relative to other years. Also, the midwinter condition 
scores indicated the the cows were in fair to good 
condition, not what would be expected if they had gone 
through the month of January under extreme duress. 

It is possible that midwinter condition depends more 
heavily on prewinter condition than the animal's resistance 
to winter, and it was unfortunate these data were not 
available. Further work in this area should include 
prewinter estimates of condition other than bodyweight and 
height. Although a weight to height ratio has been 
recommended as a useful estimate of condition (Klosterman et 
al. 1968, Jeffery and Berg 1972a), breed effects on the 
ratio were confounded with condition effects in the present 
Study. In addition, comparisons of pre- and mid-winter 
weight to height ratios could not be done because of the 
influence of the fetus and associated fluids (Degen and 
Young 1980). 

The taet that a stataStically* signitmcant, though 
biologically small, relationship did exist between the 
insulation traits and midwinter condition variables may mean 
that if energy was more limiting or the environmental 


conditions more stressful, insulation would be important. 


2. Calf Performance 
Table IV.16 presents the results of regressing calf 
performance on the insulation variables, both alone or in 


model 1B, and of adding insulation to the restricted model 
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The insulation traits explained less than 2% 
(non-significant) of the total variation in calf performance 
(BW, DG, WW) after accounting for the main effects of breed 
and age of dam, sex of calf and calving date. This was not 
Surprising since insulation did not influence cow weight 
loss. It would be expected that if insulation did affect 
calf performance it would be through a relationship to the 
cow's resistance to cold stress and ability to produce. 
Turner and Schleger (1960) in Australia reported a 
correlation between coat score of the dam and daily gain of 
the calf of -0.3. They hypothesized that the increased heat 
load of the dam with a heavy coat sufficiently stressed her 
that lactation performance was affected. However, later 
Studies by the same authors (Turner and Schleger 1970) did 
not show the same results. Obviously, even if environmental 
stress can affect calf performance under some conditions, it 


was not an important factor in 1981-1982 at Kinsella. 


Socal rte Crop 


Table IV.17 presents the comparative means for the 
insulation and condition traits according to calving status. 
There were no significant differences in any of the 
insulation variables between cows weaning calves, cows 
giving birth but not weaning calves, or cows not giving 
birth but that had a positive pregnancy test midwinter. Thus 


the percent of calves born or weaned was not influenced by 
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cow insulation, 


As with calf performance, these results were expected 
Since there was little influence of insulation on condition 
Or weight loss. In addition, the number of cows which were 
pregnant in winter but did not carry through to term was 
small relative to the other groups, and statistically 
difficult to compare. This was particularly important in 
these data, since the cattle were entering their last 
trimester of pregancy when most measurements were taken. 
These cattle were not accustomed to handling, and it is 
conceivable that 14 out of 521 cows could have mechanically 
aborted simply because of the stress of handling. If that 
was the case, it would not be expected that the animals that 
did not carry to term would be any differently insulated 
than the others. Unfortunately, this will remain a problem 
in future work of this nature, since it is necessary to take 
insulation meaSurements in winter, unless the cattle can be 
handled frequently enough that mechanical abortion is 


unlikely. 


E. Relationship of Midwinter condition to performance 


1. Winter Weight Loss 


The results of the Model 2 regressions of performance 
on condition are presented in Table IV.18. 


Midwinter condition as estimated by backfat thickness 


and condition score was not a significant source of 
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variation in winter weight loss when included in Model 2 
(main effects B, A, S and D). This was suprising, since it 
was expected that condition would be related to weight loss. 
However, as mentioned previously, no adjustment could be 
made for fall condition. Preliminary analysis indicated that 
inclusion of fall weight and height as main effects did not 
affect multiple R-squared, probably because of the 
confounding of breed with weight to height ratio as 
mentioned before. Further investigations should have fall 


eondition datayavaiilabler 


2. Calf Performance 

Midwinter condition was a significant (P>0.05) but 
small source of variation in calf birthweight, explaining 
425% Of “the total variation after accounting for Bb, “A, Sand 
D (Table IV.18). The relationship was positive, indicating 
that there was a tendency for cows which had thicker backfat 
measurements and higher condition scores to have heavier 
calves at birth. However, condition was not a significant 
source of variation in calf preweaning gain or 180-day 
weight when included in model 2 containing B, A, S and D. 
These results generally agree with those of previous workers 
(Vaccaro and Dillard 1966, Russel et a/. 1979) who reported 
that precalving gain of dams (thus precalving condition) was 
positively correlated with birthweight, but the correlation 


was low and the influence disappeared by weaning. 
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SemcalreCcrop 


Table I1V.17 indicates the condition score and backfat 
thickness least squares means of the cows grouped according 
to calving status. None of the differences were Significant, 
and there were no apparent trends. If there had been any 
differences, it was expected that animals that did not carry 
to term or wean a calf would have been in poor condition 
midwinter. However, as discussed, there were few animals 
that were very tHin in the herd. It is unlikely that their 
ability to carry a calfgto aerm or their lactation 
performance would be affected unless they were past a 
threshold thinness. Also, as mentioned, it is possible that 
the stresses of handling the cows had more of an effect on 


calving status than the stresses of winter. 


F. Relationship of Weight Loss to Performance 


1. Calf Performance 

The results of the Model 3 regressions of calf 
performance on B, A, S, D and winter weight loss (WL) are 
presented in Table IV.19. Winter weight loss accounted for 
1.6% of the total variation in calf birthweight, a small but 
Significant (P>0.01) proportion. This relationship was 
DOSitive, which@is Togicale since postcalving weight was used 
to calculate WL. It would be expected that the heavier the 
calf was, the higher the demands on the dam and her weight 


loss at calving. This logic implies that birthweight was the 


gnibyosse Seqgetp evo edd to eneas: xsupe desol at 
josoitingig szew asonsi8ttib eft 20 snow .ause2e Bn. 


yas aed bed s19de 21 .abde2s snctenibiiek ican sala 


yiiso ton bib sands efsming tad bescedxe asw. 3). esoners3tib 


noftiBnoo. 100g At ceed aved Rive ieo 5 nsw 20 rath 


alsmins weit asvew saed? sbedenvate 83 ~1evewoH sistaiwbim 


2iedd ted¢ VWiedifay ei 41 Byer aiz ad nidd ysev orev gad 


nobisdosl ttedy to mtet os 26> 6 ytaso 09 -yoahiids: 
5s tesq siew yeds eesinu) besadgiis ed Bivow sonsmio339q 


tadd efdieehq ef +i \henottnesm e6..celA .eeenaids bfodeexdt | 


= 7 ! 

no tose a5 io 210m Bad ewes oft eciipnsd Jo assaezts eng a 
_tetniw to aevastde odd asda eudsde pnivies 

; ~ 


ad och See 
gunsmzotisd of 2200 tdpieW lo gidancitsleA el 


aged 
sonqms02394 11s0.¢ 
tiso lo anoiazvexge: € Lebom edo So ealueet edt i a= ) 
sis (JW) eaol ttoltew Seeniw-Bhs @ 2 \A y@ AO sonsmodieg 
tot basnuoozs aeol sapiew r9idiW 21 VI side nt bo3a9ee%q 
wud iileme 5 snigiswasaid tis. ni noissizey iaso: adt'io #e.f 
2sw dinenotisis1 aid? ‘4aet2Teq07q ('0,0<9) 3tosoiiiapie — 
beau es sipiew gnivisaseod sonie feateos ab doidw .evizieog- 
ad? isiveed ed? sede bezzaqae ad biuow aba sisluoiss o% 
tdpiow ved bis 56 214 no ebabmet arty tedpid od3 ,esw Ls. 
oft asw djiptowis1id ‘Isdt Sl aipol eee pets ies: is seol 


- 

rf y 
7 ~ - ' 
a 7 - 7 


ae 1 ai te iy an 


84 


STapow pajzoT14se1 pue 
TTny uaamqzaq parenbs-y ut abueyo ayy jo DOUPOTJTUBTS 9Y SASOLes 


SSOT 2UBTaM JAaAUTA Sepn Tout 
oste fJapow Tiny %Tapom pazot31qysaz1 ut q ‘S ‘W ‘G SqOSITZFO UTEWs 


i 
—llllESaa_eeeeee_e_eeeee eee ——————e—e—eEeEEEeEe—————————— 


€£°0 T°0 0°9€ qy6tem Aeq-08st 

60°0 v°O O°€E ute) HbutTueameig 

00°0 9°T 0°€z qyubtaayj3tg 

poe ee ee SS) RS ee me A. ae eee eee 

#eOT9STICYS-J xSSOJT WYBTOM T2pow aTqeTIeA 

jo But ppv Tn quapuadeq 
aoueotytubts 


er ELD 


pautetTdxg uotqetieA 4Uad Aad 
ee a ee Ae ee * Re, a 


‘7Q6T PTIASUTH °s€ Tapow butsn ‘ssoy7 JybTaM 199UTM MOD UO ZoUeUIIOZIAd 
JTeD) Jo uotssarbay aTdtatInw Jo Ss zTNsaY ‘6l°AL 8TGePL 


4 


= 


wee oe - 2169 Yo noieveyped oiqisiuM io etivas®t 
SO@Ml aiieaci4® .*€ isboW pata ,eacl tipieW i93niW woD 
=n : en ———— 


honitélioza noite i3s¥ 3132 199 


lama 


ee 


e AI BG - fips 
$*5i2¢)5672-2 ’ : 


fabom 


a i ne endiadeinedimmmantineans 


se f G.£s 


4 A 8 d : 
Jitoiow xwwInie 


85 


independent variable, and weight loss the dependent. 
However, since fall condition was suggested to be involved 
in determining weight loss, and since midwinter condition 
influenced birthweight, either birthweight or weight loss 
could be considered dependent.In any case, proportion of 
variation in birthweight by weight loss explained is low, 
and not important relative to other sources of variation in 
either trait. 

WL was not a significant source of variation in calf 
preweaning gain or 180-day weight (Table IV.19). Butson 
(1981) found that winter weight loss was a much less 
important determinant of weaning weight than milk yield of 
the dam. She obtained low, positive correlations between 
weight loss and milk yield or weaning weight, but the weight 
loss values were much higher than those obtained in the 
present study. Presumably, the biological basis for the 
correlations is that the animal was severely stressed over 
winter, lost weight proportionately to the stress, and could 
not produce up to its' maximum postcalving. However there is 
probably a threshold effect, that was obviously not 
important under the management conditions in 1981-1982 at 
Kinsella. Hironaka and Peters (1969), at Lethbridge, 
Alberta, raised cows at varying levels of winter nutrition 
under conditions similar to those at Kinsella. Weight loss 
values obtained from cows on a medium to high plane of 
nutrition were similar to those obtained in this study, 


whereas weight loss in cows on a low plane of nutrition were 
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more comparable to those obtained by Butson (1981) at 
Kinsella. Although birthweights were similar across 
nutrition groups, preweaning gains were lower in the low 
nutrition, high weight loss group than the others, 


Supporting the idea of a threshold effect. 
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V. CONCLUSIONS 

The objectives of the study were to study winter 
hardiness-related traits of range beef cows and to see if 
these traits were related to productivity. Significant 
differences were found in cow size, midwinter condition, 
October to post-calving weight loss and insulation of the 
four breed groups that have been selected for different 
lengths of time under range conditions. The breed groups 
that had been selected longest under range conditions were 
smaller, heavier in condition midwinter, and were more 
heavily insulated than the breed groups that had just 
recently been introduced to and selected on range. 

Winter weight loss was determined to be much lower than 
in previous years, despite the exceptionally severe winter. 
It was thought that this indicated that the level of 
Supplementary feeding compensated for the energy shortage 
caused by the cold weather. 

Insulation was not an important factor in determining 
midwinter condition, winter weight loss, calf performance or 
calf crop per cow exposed to breeding or per cow pregnant. 
Midwinter condition was not an important source of variation 
in winter weight loss, calf performance or calf crop. 
Similarly, winter weight loss did not greatly influence calf 
performance to weaning. Overall, traits related to winter 
adaptability did not affect cow or calf performance. Under 
the conditions present in cow-calf operations in Canada, 


winter hardiness should not be considered directly as a 
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selection criterion. However, weak but Significant 
relationships among insulation, winter weight loss, 
midwinter condition, and calf birthweight did exist. It is 
possible that if the animals had not been Supplemented to 
the extent that they were, stronger associations would have 
been evident. Further studies in this area should use 
estimates of body condition throughout the year as well as 


bodyweight to examine these relationships more closely. 
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APPENDIX I. Condition Scoring of Cattle 


Hip bones, tail head and ribs project prominently, no 


Eat varoundetail*head. 


Some tissue cover around tail head, over hip bones and 
flank; ribs still felt with slight hand pressure but not 


visually obvious. 


Can eaSily feel fat around tail head, hips less 


prominent and feel rounded. 


Fat around tail head is soft and round, hips are 
covered and soft, folds of fat starting over the ribs and 


thighs. 


Blocky looking, bones are not noticeable, can hardly 
find hip bones and tail head. Folds of fat are apparent over 
ribs and thighs, mobility affected by great amount Ofmtat 
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APPENDIX II. Coat Scoring of Cattle 


Very short. Coat sleek, hairs short and coarse, lying 
flat, just able to be lifted. 
-2- 

Short. General appearance smooth-coated, hairs lifted 
eaSily, fairly coarse. 
-3- 

Fairly short. Coat not completely smooth, patches of 
hairs turned outwards. 
-q- . 

Long. Hairs lying loosely, sufficient length to be 
easily ruffled, erect patches over neck and rump. 
-5- 

Wooly. Most hair erect, giving fur-like appearance, 
fingers can be partly buried in coat, undercoat is soft. 
-6- 

Curly. More extreme than 5, greater length and body, 
fingers buried easily in soft undercoat, heavy cover over 
most of body. 

-7- 
Very long and wooly. Most extreme, shaggy with very 


thick undercoat. ' 


‘Adapted from Turner and Schleger, 1960 
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